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Chairman Udall and Members of the Subcommitteekly@au for the opportunity to appear today as
Associate Administrator for NASA’s Science MissiDirectorate (SMD). It's been my privilege to serve
as Associate Administrator for almost a year navd bwant to acknowledge the support of SMD's
exemplary management team over what has been @m®ky busy and productive year.

Overview

These are exciting times for the nation in the S@awl Earth sciences. NASA satellites have obderve
interactions among oceans, atmosphere and iceto lsbw changes in the polar regions may reflect and
portend global changes in climate. Elsewhereénstilar system, our MESSENGER (Mercury Surface,
Space Environment, Geochemistry and Ranging) spait@ast gave humanity its first look at the
unmapped hemisphere of Mercury. Cassini contitmesveal new features of the moons and rings of
Saturn, and of Saturn itself and its magnetosph&he. Great Observatories space telescopes (Hubble,
Chandra and Spitzer) are giving us tantalizinglofethe nature and distribution of dark energthim
universe and revealing the characteristics of ptathat circle other stars. The intrepid Voyager
spacecraft are returning data from the terminattoock where the shell formed by solar wind encasnte
interstellar space. The Aeronomy of Ice in the dphere (AIM) spacecraft, launched in 2007 is
providing revolutionary data on changes in nocghitcclouds that appear to be related to globalghan
These are but a few examples of exciting developsnarNASA'’s space and Earth sciences program.

In 2007 NASA launched four new orbital and plangtience missions ( Time History of Events and
Macroscale Interactions during Substorms (THEMMM, Phoenix, and Dawn), two major airborne
Earth science campaigns, plus some rapid-respar®eree remote sensing aid to the California wrlelfi
emergencies, and the first test flights of thetBsgheric Observatory for Infrared Astronomy (SOFIA
747 airborne infrared observatory—all without argngicant mishap or malfunction.

Further, no fewer than six new NASA orbital scientiesions reached their final stages of development
and are expected to fly in 2008. These are: trea@&urface Topography Mission (OSTM), the
Gamma-ray Large Area Space Telescope (GLAST), tiieblé Space Telescope Servicing Mission 4
(HST-SM4), the Orbiting Carbon Observatory (OC@¢ Interstellar Boundary Explorer (IBEX), and the



Solar Dynamics Observatory (SDO). We also conttheedevelopment of a Landsat follow-on mission
and four other NASA Earth science missions, as agl bevy of space science missions. And, we look
forward in 2008 to the next MESSENGER flyby of Maryg (in October), the Phoenix Mars landing (in
May), and the NASA Exploration Systems Mission Dicgate’s launch of the Lunar Reconnaissance
Orbiter (LRO) and Lunar Crater Observation and gnSatellite (LCROSS) lunar missions.

These accomplishments and others in our prograsweaf90 flight missions and over 3,000 research
grant activities describe a current program thaeislthy, vigorous, and a model for the world. ldoer,
as we look ahead we are confronted with a seriehafenges. NASA has heard repeatedly from the
scientific community that its portfolio of missiohas become too heavily weighted toward large
missions at the expense of small and medium sipertymities. One of the most harmful consequences
of this imbalance was a steep reduction in the msrabopportunities for flight research, particlyjan
the 2010 to 2012 time period. Beyond the diffiedtthat this imbalance imposed on the current
program, a lack of smaller “entry level” opportied creates significant challenges as we seekvelale
a skilled and capable cadre of investigators ferftiiure. In addition, a decline in available i@ses for
Research and Analysis (R&A) had the potential tacexbate these problems and reduce the science
return from the investments we make.

As we worked to develop the FY 2009 budget reqwessought to address these issues by increasing the
flight rate, rebalancing planned missions in fasbmedium and small missions, increasing suborbital
missions, and reversing the downward trend in fogdor R&A. In addition, we adopted two additional
budget priorities: accelerating progress on the Bawth Science Decadal Survey report; and building
lunar science community. The President’s FY 200@get request for NASA succeeds in implementing
these goals while remaining within the planned SmeMission Directorate budget runout. This hanbe
accomplished by launching numerous missions last ged thereby opening cost wedges for new
missions; more closely managing costs; re-phasiegievelopment of several missions; avoiding some
cost overruns; and pursuing economies in the apesabudgets for a number of missions. Looking to
the future, it will be critical to continue to attawhat is arguably the root cause of the imbalanee
redress in the FY 2009 budget request: cost grémvtimissions in development. For at the end of the
day, no strategy for maintaining a balanced programsucceed for long in the absence of disciplined
program management.

Among the many steps NASA has taken, perhaps tis¢ @anamatic and direct is to initiate seven new
missions with our FY 2009 budget request. Thessimms represent substantial progress in rebalgncin
the program and respond directly to the Nationaldaech Council’s (NRC) decadal surveys (and related
priority-setting activities) in each of our foursdiplines within SMD: Earth science, astrophysics,
planetary science, and heliophysics. These sesmmssions are:

Ice Cloud and land Elevation Satellitg(ICESat-I1) will use lasers to measure the heiglts
icesheets around the world to support climate chaagnosis and analyze forest canopies to
inform our understanding of the carbon cycle. I@El$is planned for launch in 2015 and will
be managed by NASA’s Goddard Space Flight Cent8F@ in Maryland.

Soil Moisture Active-Passivg(SMAP) will observe soil moisture and freeze-thawles to
expand our understanding of weather and the wgtde.c SMAP is planned for launch in 2012
and will be managed by the Jet Propulsion Laboydtt?L) in California.

Joint Dark Energy Mission (JDEM) will measure cosmological parameters td@epthe
unseen dark energy that makes up most of the ekgaadiverse. JDEM is planned for launch
in 2014-2015 and will be managed by NASA’'s GSFOEM is a joint mission with the
Department of Energy.



Outer Planets Flagshipwill travel to one of three extremely interestingans of the outer
planets (Europa, Titan, or Ganymede) that may hia&@otential to support life. The Outer
Planets Flagship is planned for launch in 2016-281¢ will be managed by the JPL.

Lunar Atmosphere and Dust Environment Explorer (LADEE) will explore and characterize
the moon’s tenuous atmosphere. LADEE is plannethf;nch in 2010-2011, and will be
managed by NASA’s Ames Research Center with itgnam office at NASA’s Marshall Space
Flight Center (MSFC) in Alabama.

Lunar Network Landers will establish two nodes of a planned internaticsegsmic network for
monitoring the moon’s internal processes. Thedasidre planned for launch in 2013-2014, and
will be managed by NASA's MSFC.

Solar Probe Pluswill fly through the Sun’s atmosphere or “coroa’™understand how the Sun’s
corona is heated and how the solar wind is acdel@r&olar Probe Plus is planned for launch in
2015 and will be managed by NASA’'s GSFC.

As is described in NASA's budget justification, skemissions are fully supported within the request.
These new missions are made possible within thgeartprojections in the FY 2009 budget request
largely by the completion and launch of missionsently in development. NASA plans to launch more
than 15 science missions over the next two yeaggtiog the new mission opportunities the Agenay an
the community have regarded as critical to mak#h@&urprogress on the decadal survey prioritieashe

of the four science areas. Additionally, we aredrecting studies of a host of other important new
missions that we hope will reach new project statumming years, including a new astrophysics
mission to search for Exoplanets, a Mars SamplarRehission, two more Earth science decadal survey
missions, and a future mission to study dangerolas sadiation.

Goals and Management Approach

When | testified before this Subcommittee last yabescribed the following guiding principles for
NASA's Science Mission Directorate (SMD):
* make strong progress advancing all four decadakyar
» accomplish more science from the SMD budget; and,
* help ensure that the Vision for Space Exploratsosuccessful by increasing the scientific yield it
will produce.

Further, | identified three areas for increasedemsfs within NASA's budget for Science: strengthen
investment in Research and Analysis (R&A); streagtmvestments in mission data analysis to ensure
that we get the best science value for the doll@rénvest in missions; and, reinvigorate our progcd
suborbital research to train a new generation sgarchers, advance technology development, and help
bridge the 2010 to 2012 gap in orbital and plaryetaission launches.

I will now discuss how each of these objectivelsdésg addressed in SMD.



Advancing the Decadal Surveys in the FY 2009 Budg&equest

NASA contracts with the NRC of the National Acadesnio identify and develop scientific consensus
planning documents for each of the four scienceiglises (Earth Science, Heliophysics, Planetary
Science, and Astrophysics). These documents teaante known as the "decadal surveys" because they
assess proposed activities and recommend invesprierities over a 10-year timeframe for each
discipline. In effect, “advancing the decadal gys/, means pursuing the highest value science
objectives for each discipline as established bgresensus of leading scientists in the discipline.

The FY 2009 budget request includes $1.37 billmmHarth Science. This budget request represents a
substantial step forward in responding to the renendations of the first NRC Decadal Survey for Eart
Science, released in 2007. The five-year budgeiuurequests $910 million for priorities enumedate
the survey and represents a major initiative in WA®& concentrate more heavily on Earth sciencéiat t
critical time. This funding will support five Dedal Survey mission priorities, including the immeei
start of two Decadal Survey new mission prioritiethe Soil Moisture Active/Passive (SMAP) mission
scheduled to launch as early as 2012, and th€loads, land Elevation Satellite Il (ICESat-11)
scheduled to launch in 2015 — as well as formutatiotwo additional Decadal Survey missions and a
Venture class mission also recommended in the Ré&dvey.

The request also includes funding for over 1,7@@aech and analysis grants, the airborne program of
Earth observations, the Applied Sciences prograuh, even missions in development which are
important Earth science Decadal Survey precursssions. The Landsat Data Continuity Mission
(LDCM) and Ocean Surface Topography Mission (OSTWMI) continue the decades-long time series of
land cover change and ocean surface height dafgeatively. The Glory mission targets the impdct o
aerosols on climate and extends the long timesefitotal solar irradiance measurements. TheoNali
Polar-orbiting Operational Environmental Satelfftgstem (NPOESS) Preparatory Project (NPP) paves
the way for the future national weather system@ordinues essential measurements from the NASA
Earth Observing System (EOS). Aquarius and thét&@Barbon Observatory (OCO) will make the
first-ever global measurements of ocean surfageityehnd atmospheric carbon dioxide, respectively.
The request specifically increases funding for C&2@ the Aquarius missions to maintain development
schedules. The Global Precipitation MeasuremeRMiGmission will make rainfall measurements on a
global scale. The request retains the GPM corsianidaunch readiness date with a minor 4-mongh sli
in the launch of the constellation spacecratft.

As requested in the Subcommittee’s invitation &tifg, | have included a more detailed NASA Earth
Science Architecture as Appendix .

NASA is working closely with NOAA to restore clineasensors that had been removed from the tri-
agency NPOESS effort under the Nunn-McCurdy refagation process in 2006. The FY 2009 budget
request of $74 million for NOAA supports the addlitiof a Clouds and the Earth’s Radiant Energy
System (CERES) instrument onto NASA's NPP sateliied to launch in 2010; instrument development
and ongoing analyses to identify a suitable staghliatform for hosting the Total Solar Irradiar@ensor
(TSIS); and development of climate data recordASN is conducting development work on these
sensors for NOAA on a reimbursable basis. In amdiNASA and NOAA are working together to
initiate preparations for these sensors in FY Of&sE actions will be implemented through close
coordination between NASA and NOAA, and they comaddition to the inclusion of the Ozone
Mapping and Profiler Suite (OMPS)-Limb sensor o PP satellite that was announced last year.

NASA'’s role in the NPOESS program, in accordandd Wwresidential Decision Directive/NSTC-2, is to
facilitate the development and insertion of newt-edfective technologies that will enhance theigbif
the converged system to meet its operational requints. NASA's primary stake in the NPOESS



program is a scientific one: we look to NPOES$rwvide long-term continuity of measurement of key
climate parameters, many of which were initiate@mmanced by NASA'’s Earth Observing System.
Toward this end, NASA has also entered into a pastrip with the NPOESS Integrated Program Office
(IPO) for the NPP satellite. NASA is committeddming its part as a technology provider to make the
NPOESS program, as restructured in the Nunn-McCcedtjfication, succeed in collaboration with
NOAA and the Department of Defense (DoD).

The Government Accountability Office and the Depemt of Commerce Office of Inspector General
have reported on the NPOESS program and produsedes of recommendations which NASA will
review and carry forward as lessons learned fofuhee. In broad terms, the issue of transitigritom
research to operational climate monitoring willaclg require the continued close attention of both
NASA and NOAA. NASA and NOAA are meeting on a riaglasis to address these issues. In
addition, experience with NPOESS and NPP illustrétte potential risks associated with attempting to
address multiple mission requirements using a sisghcecraft platform. As is noted below, it is
absolutely critical to assure that mission conceptier consideration match a realistic projectedbet
profile and to appropriately “size” a mission frahe earliest design phase. Notably, the Eartimseie
Decadal Survey explicitly ruled out “large facilityass (cost greater than $1 billion) missions” as
inappropriate for Earth science research missi@eond, we must also effectively track and manage
cost and schedule throughout the development agigatify and trigger de-scoping options at
appropriate times to maintain cost ceilings, anusater canceling missions when those ceilings are
violated. NASA is developing increasingly discid approaches to mission review that extend across
the program and project levels.

The FY 2009 budget request for Astrophysics is &billion, which includes funding to initiate a dbi
Dark Energy Mission (JDEM) in FY 2009 and to begieparatory work to define a medium-scale
exoplanet exploration mission to be initiated in Z¥10 and launched in the 2015 timeframe, for wihich
SIM-Lite concept and other exoplanet mission caaidis will be considered. The request supports a
restart of the Nuclear Spectroscopic TelescopeyAMaSTAR) Small Explorer with a launch date of no-
earlier-than 2011. It also provides funding foe tepler exoplanet search mission, which is plarioed
launch in February 2009 to detect planets in tlabltable zone” around other stars. The requestdur
supports development of the Wide-field Infraredv@yrExplorer (WISE), which will conduct an all-sky
survey, and the James Webb Space Telescope, whidxplore the mysterious epoch when the first
luminous objects in the universe came into beitgrdhe Big Bang. With its first test flights colefed,

the Stratospheric Observatory for Infrared AstropdBOFIA) 747 airborne infrared observatory will
begin early science observations in 2009. Theofslysics suite of operating missions includes three
Great Observatories (Hubble Space Telescope, Chati®ay Observatory and the Spitzer Space
Telescope), which have helped astronomers unragehi/steries of the cosmos. The request will also
support the Gamma-ray Large Area Space Telescdp&ST), which is now planned for launch in May,
2008, to begin a five-year mission mapping the gamay sky and investigating gamma-ray bursts. The
request also increases funding for sounding rao&glibads, balloon payloads, detector technology and
theory by augmenting Research and Analysis (R&Adfag by 35 percent over FY 2009 to FY 2012.

The FY 2009 budget request for Planetary Scien$&.33 billion to support an array of five currgntl
operating spacecraft and rovers traveling to or stmlying Mars, and four more missions en routarto
operating at Mercury, the Asteroid Belt, Saturrg 8tuto, as well as a series of instrument missidns
opportunity. The budget request initiates an opkanets flagship mission planned for launch in@64
2017. The request also continues a robust Mar®Eatpn Program with targeted launches in 2009,
2013, 2016, as well as expanded US patrticipatighérEuropean ExoMars mission planned for 2013
launch, and an increase in Mars R&A funds. TheeRholander arrives at Mars in May, 2008; the Mars
Science Laboratory continues in development fon¢aun 2009; a Mars Scout Aeronomy mission is
planned for launch in 2013, and a yet to be defMads science mission is planned for 2016. The



request also includes $68 million for Mars Sampd¢uR1 mission advanced development. With the New
Horizons spacecraft continuing on its way to Pltite, request realigns the New Frontiers Program’s
Juno Mission to Jupiter to be consistent with al2@unch date and funds initiation of the third New
Frontiers mission, as called for by the planetayadial survey. An open competitive solicitationtfos
mission is planned for release near the end oftcddendar year, and planetary science R&A fundéng i
augmented by 31 percent over FY 2009 to FY 2012 NRC recently completed a midterm review of
progress against the Planetary Science Decadatguraw five years old. NASA will be responding to
the NRC’s assessment in a separate report in thengoveeks, but it is worth noting that our budget
request addresses many of the issues broughtifattiat report, including the delayed developmént o
the Outer Planets Flagship, New Frontiers 3, aadhded for increased R&A funds.

Guided by the NRC's recent repofhe Scientific Context for Exploration of the Moon, the FY 2009
budget request for Planetary Science includes ailL8nience Robotic Mission Initiative funded at $60
million per year in FY 2009 to FY 2011, and at $iillion per year thereafter. NASA plans to laurach
small lunar science orbiter by 2011 and two minidiers by 2014. The mini-landers will function as
nodes in a geophysical network, as called for NRC study.

The FY 2009 budget request for Heliophysics of $3illion funds a new Solar Probe mission which
has long been sought by the U.S. scientific comtyuand is recommended highly by the most recent
Heliophysics Decadal Survey. The request also@#pi6 currently operational missions, which gl
joined in 2008 by both the Interstellar Boundanpexer (IBEX) mission focused on the detectionfad t
very edge of our solar system, and the CoupledNiearal Dynamics Investigation (CINDI) “Mission of
Opportunity” that will provide new insight on th@Bh’s ionospheric structure. In early FY 200® th
Solar Dynamics Observatory (SDO) to study the Sardgnetic field is planned for launch, and the
Geospace Radiation Belt Storm Probes (RBSP) misgibbegin development. RBSP will improve our
understanding of how the Earth’s radiation belesfarmed and how solar output modifies the Earth’s
radiation belts. RBSP will be augmented by thddsa Array for RBSP Relativistic Electron Losses
(BARREL), which was selected in late 2007 as a Gaos Mission of OpportunityThe FY 2009 budget
request also increases budgets within HeliophysicSounding Rockets, Research Range, and R&A to
achieve a more robust level of small payload opities. Funding for R&A is augmented by 22
percent over the FY 2009 to FY 2012 timeframe.

The Heliophysics request fully supports the Expl@r@gram, including the three new Small Explorer
(SMEX) missions we are presently in the processetdcting for flight. It further includes fundirfigr
NASA’s New Millennium Program, a crosscutting teotogy flight validation program with the overall
goal of reducing risk and cost for science missidAewever, this program has not been a cost éfeect
mechanism for achieving this goal, and New Millemrmis technology contributions to science missions
have been limited, despite substantial investmefite Program has not contributed to reducing aodt
risk for science Missions at a level commensuratie the resources dedicated to the program. Inyman
cases, New Millennium has flown technologies thateanot later useful for the science missions we
build in response to NRC decadal surveys. Furtherresources required for launching and supporting
New Millennium missions consume substantial resesisghich might otherwise be dedicated to
technology development. In light of these fact& 34 has determined that it can achieve substantial
improvement in technology development performamzkapplication effectiveness by phasing out the
New Millennium Program and integrating most tecloggldevelopment funds into the budgets for
specific missions. We have already demonstratsdfsproach with the development of the James Webb
Space Telescope and are now implementing this appnmore widely so that we can get more science
from the budget we have.



Getting More Science Accomplished from the Availald Budget

The first step in controlling mission costs is &s@re that mission concepts under consideratioohmat
available funding targets. Rather than selectiiggion content up to the available funds or in
anticipation of potential efficiency gains, we amv selecting mission content that leaves sufficien
“head room” in the budget profile to deal with fiséure challenges that inevitably arise in deveigpi
missions that have never been done before. Iroplysics, this means treating JDEM as a "Kepler-
class" or mid size mission, while fully retainirtg ability to meet the basic science requirements
described in the Dark Energy Task Force Reporbésked by the Astronomy and Astrophysics
Advisory Committee and High Energy Physics AdvisBgnel. Similarly, as we begin preparatory work
on a medium-scale exoplanet exploration missionwillesize the science content and capabilitiefitto
within the available budget profile. In Heliophgsj a redesign of the Solar Probe mission to be
executable within the available budget has resutt&blar Probe Plus. The redesigned missionus#

a series of Venus flybys rather than a single dufiigby to provide the necessary gravity-assisrable
the probe to approach the Sun, lowering costs amduping quicker science return than had been
possible previously. The new mission design sultistily reduces projected costs by eliminating the
need for radioisotope power systems and sparinggheecraft from the extreme cold associated with a
trip to Jupiter.

The second step in controlling mission costs isgok and manage cost and schedule effectively
throughout the development cycle, identify andgeigde-scoping options at appropriate times to
maintain cost ceilings, and consider canceling imigsswhen those ceilings are violated. In conjiomct
with this, we are developing increasingly disciplinapproaches to mission review that extend atness
program and project levels.

For example, Kepler successfully passed its Clibesign Review (CDR), which marks the completion
of the project’s design phase and transition iheoluild up of flight hardware, in October 2006.
However, certain problems continued, putting therall mission at risk. Facing further potentiastco
growth of up to $54M, a Kepler project managemeeétimg was held in Boulder, Colorado, on July 6,
2007, to examine the program's cost overruns amgritgram’s plan for bringing the spacecraft totdu
within the established budget. The plan includesdructuring the project's management and charging
eliminating some tests or reducing their duratidlu tests that affect the safety or ultimate penfamce

of the system have been dropped, and all changbs testing program were reviewed by multiple
internal and external parties. The resulting fflas a healthy 24 percent reserves to launch. ditiaa,
the lead industrial partner, Ball Aerospace & Taibgies Corporation, gave up some of its earneafee
the project and the development schedule reserges also refined. In order to keep the missioiiwit
its established cost cap, the total on-orbit olet@ya time will be reduced by six months, but no
significant science will be lost and the missiofl & able to gather 90 percent of its planned.datse
savings realized by avoiding a Kepler cost increaseved a threat to the Explorer Program budget an
helped us re-initiate the NuStar mission, theredtying more from the SMD budget.

In May 2007, the SDO mission had incurred schedlips against the August 2008 Launch Readiness
Date (LRD) that exceeded reserves. Schedule flexibad been exhausted by instrument and spaftecra
difficulties and was not recoverable. The Progefitst cut at a replan identified a proposed LRD o
3/1/09 at an additional cost of $46.3 million. Thatimate was subsequently improved to a 1/15RB L
and cost increase of $39.3 million by immediatelgepting hardware deliveries with acceptable
performance, deleting internal schedule reservaastrument deliveries, and using week-end andrsgco
shifts to meet near- term deliverables. Througth#r iterations with the project team, NASA idéeti

a combination of low-impact schedule descopes asdiom scope reductions that did not impact mission
science objectives. The net result of these rephgnefforts was a 60 percent cost reduction inctiest
increase, from $46.3 million and a seven monthdauwelay to $18.1 million and a four month launch



delay. At present, the project is maintaining skthe and working toward the approved Life Cycle tCos
(LCC) of $805 million.

NASA's approach to both the SDO and Kepler isswedarm to the general principle that resources to
solve project problems should come first from thission lines or programs that include that project.
Problems in programs and missions should be adetfegishin the Division (science area) in which they
occur whenever possible. Further, we will not g@erthe future to sustain significant budget oues

by missions in development. It is critical to flaéure of the program that we take these stepstoow
control costs and to establish a more disciplimegam management regime.

Helping to Ensure Exploration Goals are Achieved

The FY 2009 budget request for SMD makes signifistiides toward establishing a strong lunar
research community. The request includes a Luci@n8e Robotic Mission initiative funded at $60
million per year in FY 2009 through FY 2011, and$iiillion per year beyond FY 2011. This effort
builds on and will be highly complementary to NASAexisting lunar science research activities by
providing a flight program that delivers excitingjentific results. The first mission, a small suie

orbiter called Lunar Atmosphere and Dust Environhietplorer (LADEE), will characterize the tenuous
lunar atmosphere as recommended by the NRC. LABEaunch by 2011, and an initial pair of
surface geophysical mini-landers will follow by 201INASA is optimistic about the prospect of
developing an International Lunar Network of gecgibgl landers and has already received positive
feedback from a number of potential partners. fBogiest also strengthens lunar science by providing
support for the development of the newly selecteal/i®/ Recovery and Interior Laboratory (GRAIL)
Discovery mission, which will use high-quality gigrvield mapping of the Moon to determine the
moon's interior structure. We also establishedNASA Lunar Science Institute (NLSI) at the Ames
Research Center to jump start U.S. lunar scienassi¢he nation. NLSI will augment other, already
established lunar science investigations fundeNASA by funding the formation of interdisciplinary
research teams. Management of the NLSI will beetemlafter the highly-successful focused research
initiative of the NASA Astrobiology Institute (NAlalso managed at NASA Ames.

Strengthening Research and Analysis and Mission DatAnalysis

We have taken a number of steps in this area taretisat we get the best science value for theudoll
we invest in missions. These include establishifesearch and Analysis Management Operations
Working Group to identify R&A process improvementé/e are also working to improve our practices
for conduct of panel reviews of proposals to imgrtnansparency and provide additional guidance to
R&A program managers. We are also working to restending cuts from prior years. The FY 2009
budget request augments R&A in three of our folersre areas (the augmentation in Earth Science came
in the area of new missions as recommended byalWwe\'RC decadal survey):

» Astrophysics R&A augmented 35 percent in FY 2008-2012;

» Heliophysics R&A augmented 22 percent in FY 2009-2012; and,

* Planetary Science R&A augmented 31 percent in F0O26Y 2012.

R&A increases in the Earth science area will bduatad in the coming year, as will the need for
additional space science increases. To bettenaeathe need for funds in specific scientific gliboes,
we are developing “demand metrics” that help usigfiinds to areas with the strongest scientific
interest, and therefore with the strongest proppszdsure.



Reinvigorating Suborbital Research

In recent years, cost growth in large missions taimed opportunities for new small, Principal
Investigator-led missions, creating an imbalanaklamiting launch opportunities, particularly ineth
2010 to 2012 time period. We have made substgmigiress in addressing this issue by reinvigogatin
suborbital research to train a new generation sgaechers, advance technology development, anddelp
bridge the 2010 to 2012 gap in orbital and playetaission launches. This includes initiating sexemw
missions with the FY 2009 budget request, restattie NUSTAR mission, selecting two new Scout
(ExoMars 2013) and two new Discovery Missions op@punity (as two new assignments for the Deep
Impact and Stardust spacecraft), and creating anaission of Opportunity solicitation. The FY
2009 budget request increases budgets for SouRtiokets, Balloon Payloads, Research Range, and
Research and Analysis to achieve a doubled levainall payload suborbital research mission
opportunities.

Conclusion

It is worth stepping back to appreciate the breaditpth and productivity of the NASA science progia
am charged to lead. Not including the seven missige are proposing to initiate in the FY 2009 esqu
we have 55 flight missions in operation, 30 missiondevelopment, and over 3,000 ongoing research
grants. The 14 on-orbit NASA Earth science redeanssions are producing definitive data setsldtat
us specify state of the planet and how the envienirs changing. Heliophysics' 16 operating missio
are revealing the behavior of our local star iradetMissions to other planets continue to providewith
descriptions of the amazing diversity that we nawW characterizes the solar system and tantalizing
hints of environments hospitable to life. Our Agtnysics great observatories Hubble, Chandra, and
Sptizer are probing the most profound questiortsoef the universe arose and evolved and our place in
it. This program of research is far and away tloeds leading program. Historically, we are living
through a truly spectacular age discovery in spaice the United States is leading these discovekiés
cannot only see more and farther and deeper thaother generation in history, we are learning naire
an incredible rate. The Subcommittee and the Ascaartaxpayers you represent should be proud of the
historic human achievement that our program reptesd certainly am, and | am committed to both
inspiring the next generation of explorers with raiscoveries and passing on a healthy and vigorous
program of scientific exploration to the next geaiem of scientists.



Appendix 1: Earth Science Architecture

Current Missions

To address the challenges of recording simultanebservations of all Earth components and
interactions to generate new knowledge about thieadlintegrated Earth system, NASA and its partners
developed and launched the Earth Observing Systelnasacillary satellites. Fourteen satellites casgr
today’s NASA Earth Observing System.

The scientific benefit of simultaneous Earth obaton----the Earth System Science construct—is
bearing fruit. For example, NASA’s Aqua, Aura, CibAerosol Lidar and Infrared Pathfinder Satellite
Observations (CALIPSO), and CloudSat satellitesfnashce’s Centre National d’Etudes Spatiales
(CNES) Polarization and Anisotropy of ReflectanfmgsAtmospheric Sciences (PARASOL) satellite,
collectively known as the A-Train, are in specifibits to record unprecedented atmospheric chgmistr
and composition observations over the same regithminid5 minutes. The A-Train, a subset of EOS, is
the largest Earth science space super-observabovg fo date.

Missions in Development

Seven missions are in formulation and implement&iao launch during FY 2008-2014. The new
observations will extend some of the measuremeatierby EOS and will observe new features of the
global integrated Earth system. The enormous cexitglof the Earth system presents a challenge for
NASA within the Group on Earth Observations (GE®)enable sustained simultaneous observations of
all key variables needed to understand Earth’sgihgrenvironment.

NASA and its National Polar-orbiting OperationaMgnnmental Satellite System (NPOESS) partners
(NOAA and Air Force) are developing the NPOESS BRratory Project (NPP) mission. NASA and the
NPOESS program planned NPP as a risk reductiorianias well as the transition mission for a set of
mature climate measurements from the EOS era tNRI@@ESS operational environment. When the
NPOESS development encountered cost and schedilikprs, the Nunn-McCurdy recertification
process resulted in the de-manifesting of sevdirabte sensors from the NPOESS system. These
sensors included ozone profiling (OMPS Limb), Eastiiation budget (CERES), solar irradiance (TSIS),
ocean altimetry (ALT), and aerosol polarimetry meaments (APS). NASAand NOAA have been
working in cooperation OSTP to develop a plan fight of these sensors. Agreement has been reached
to re-manifest OMPS Limb on NPP via joint fundimgrh NASA and NOAA, to re-manifest CERES on
NPP, and to prepare TSIS for future re-manifesting.

Table 4.1a: Earth Science Missions in Development
(Launch Dates in Parentheses)

Ocean Surface Topography Mission (ZOOS)L Required for continuity of precision, globsg
Strategic mission; Systematic measurement ocean altimetry data; planned as part of g
transition to operational agencies. Joint
mission with NOAA, CNES and
EUMETSAT.

Orbiting Carbon Observatory (2008) Small Pl-led mission nearing completion of
Competed mission; Earth System Science | development. First global measurement g
Pathfinder CO, from space; small Earth science
mission.

—h
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Glory (2009) Addresses high priority objective of the
Strategic mission; Initializes a systematic | U.S. Climate Change Science Program.
measurement Measures global aerosols, related cloud
properties, and solar radiation. Mandated
by the Presidential Climate Change
Research Initiative of 2001.

NPOESS Preparatory Project (2010) Required for continuity of several key
Strategic mission; Systematic measurement climate measurements beyond the Earth
Observing System and into the NPOESS
era. Joint mission with the NPOESS
Integrated Program Office.

Aquarius (2010) In advanced stage of development. First

Competed mission; Earth System Science | global measurement of sea surface salinity

Pathfinder from space; Pl-led small Earth science
mission. NASA instrument on an Argentine
mission.

Landsat Data Continuity Mission (2011) Required for continuity of long-term global
Strategic mission; Systematic measurement land cover change data. Post-LDCM land
imagery acquisition by an operational
agency is planned. Joint mission with
USGS.

Global Precipitation Measurement (2013) | Recommended by decadal survey report
Strategic mission - Initializes a systematic | (NRC, 2007); extend spatial coverage to
measurement global and temporal coverage to every 3
hours via a core satellite and a constellation
of smaller satellites.

Future Missions

The decadal survey priorities are now NASA's pratideterminant of the priority of Earth science
satellite missions beyond 2010.

The decadal survey recommended fourteen missio$A8A to launch during 2010-2020 and one
mission for NASA to jointly implement with the Nahal Oceanic and Atmospheric Administration
(NOAA) for launch in 2010-2013. NASA missions wgmuped into three periods -- near-term,
midterm, and late-term. In contrast to decadaleys in other areas of NASA science, the Earthnseie
Decadal Survey recommended an integrated slatéssfans rather than a list of missions prioritized
scientifically from the top down with an expectatithey be pursued to the limit of funds availadie.
the NRC'’s view, doing some missions but not othesald break the observing strategy they proposed,
requiring a reassessment. Further, the surveyneoed the importance of the synergies between the
flying research and operational missions—syneriiaswould be lost if the timeline for the decadal
survey missions is greatly extended. Thus, NASpuising all four of the missions identified in the
NRC's first time block and planning technology istreents and other preparatory analyses for the
others. The NRC explicitly ruled out “large fatyliclass (greater than $1.0 billion) missions” as
inappropriate for Earth Science.

Matching the matured mission concepts with the btu@gojections in the President’s FY 2009 budget

request, NASA will pursue the first two decadalsyrmissions and the first Venture class missidh wi
projected launch dates as shown:
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Soil Moisture Active-Passive (SMAP) — Soils moisture and freeze-thaw for weather and

2012 hydrological cycle processes.

Ice, Cloud and land Elevation Satellite Ice sheet height changes for climate change

(ICESat-Il) — 2015 diagnosis and assessment of land carbon standing
stock.

Venture class mission -- 2014 Innovative science mission to address science

Small mission goals complementary to those identified in the
NRC decadal survey for NASA. The new Venture
class was recommended by the decadal survey.

The next two decadal survey missions to be impléeatewill likely be the Climate Absolute Radiance
and Refractivity Observatory (CLARREO) and the Defation, Ecosystem Structure, and Dynamics of
Ice (DESDynl) mission, with the order of these tyab to be determined. It is planned to start gth
2012, and to launch one by 2017 and the other b9.20
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